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(54) HEAT EXCHANGER 



(71) Wc, Rolls-Royce Limited, a 
British Company of Moor Lane, Derby, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to heat exchangers. 

According to this invention a heat ex- 
changer comprises two opposite walls con- 
nected by islands having tapered end 
portions and being arranged to be so inter- 
digitated that the tapered end portions of 
any one island extends between the tapered 
end portions of adjacent islands to define 
between the islands sequentially converging 
and diverging flow passages of substantially 
uniform cross-sectional area. 

The sequential covcrging and diverging of 
the flow passages brings about discontinuities 
of boundary layer desirable for good heat 
transfer. In the past discontinuity of bound- 
ary layer was associated with disuniformily 
of flow area. The present invention makes 
it possible to combine discontinuity of 
boundary layer with uniformity of flow area 
thereby avoiding the pressure losses associ- 
ated with disuniformity of flow area. 

Examples of heat exchangers according 
to this invention will now be described with 
reference to the accompanying drawings 
wherein: — 

Fig. 1 is a sectional elevation of a first 
example of a heat exchanger according to 
this invention. 

Fig. 2 is a section on the line II — II in 
Fig. 1. 

Fig. 3 and 4 are sectional elevations of 
a second and a third example, respectively, 
of heat exchangers according to this inven- 
tion. 

Fig. 5 is a perspective view of a turbine 
blade embodying a heat exchanger accord- 
ing to this invention. 

Fi«. 6 is a section on the line VI — VI in 
Fig. 5. 

Fig. 7 is a sectional elevation of a blade 
[Price 25p] 




em- 



ex- 



similar to that shown in Fig. 5 
bodying a modification. 

Fig. 8 is a plan view of Fig. 7. 

Referring to Fig. 1, the last heat 
changer comprises two opposite walls 10, 
11 connected by islands 12. The shape of 
the islands is such that, as seen in a plane 
nominally parallel to the walls, the islands 
manifest tapered end portions 13, 14 and 
are so arranged or interdigitated that the 
tapered end portions of any one of the 
islands lies between the corresponding end 
portions of two other islands. Thus tire end 
portion 13 lies between end portions 14A, 
14B of two islands 12A, 12B. By this ar- 
rangement the islands form therebetween 
fluid flow passages 15 so related that any 
two adjacent such passages alternately con- 
verge and diverge as indicated by flow lines 
15A, 15B. Further the islands are arranged 
for the width W of each passage to be sub- 
stantially uniform so that (assuming sub- 
stantially uniform spacing in the flow direc- 
tion between the walls 10, 11) the cross- 
sectional area of the passages 15 is sub- 
stantially uniform. 

It will be seen that the boundary layers 
between the flow and the islands is dis- 
continuous, i.e. is interrupted and reformed 
as the flow passes from one island to the 
next, and this provides a higher coefficient 
of heat transfer than is the case where the 
flow passages do not divide and converge, 
e.g. are parallel. At the same time, the 
uniformity of flow area made possible by 
interdigitation of the tapered end portions 
of the islands avoids or diminishes the 
pressure losses associated with local dis- 
uniformities of flow area. In consequence 
the mass flow throughput and thus the 
heat transfer rates and the thermal capacity 
of the heat exchanger are better than in 
heat exchangers which do not have the 
island configuration described. 

In Fig. 1 the islands are of diamond cross- 
section. Other cross-sections are possible 
as shown in Fics. 3 and 4. 
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In Fig. 3 islands 112 are similar to those 
shown in Fig. 1 except that they are elon- 
gated to have parallel portions 120 between 
tapered end portions 113, 114. 
5 In Fig. 4 islands 312 are basically of 
circular shape and each have tapered exten- 
sions 313, 314 to ensure substantial uni- 
formity of flow area. 

In Figs. 5 and 6, the heat exchanger 

10 shown in Figs. 1, 2 is applied to a turbine 
blade 20 for a gas turbine engine and refer- 
ence numerals applied in Fig. 1 arc applied 
to corresponding features in Figs. 5 and 6. 
The blade has a root portion 21 including 

15 an opening 22 for the reception of cooling 
air and a passage 23 generally defining the 
hollow interior of the blade. The islands 
12 are arranged between the walls 10, 11 
which in this case define the sides of the 

20 aerofoil section of the blade. As shown, the 
density of the islands is greater at part of 
the blade where the greatest cooling effect 
is required, i.e. the part medially between 
the radial ends of the blades. 

25 The blade is made of metal by a casting 
process including the insertion of a mould 
of a core defining the passages 23, 15. The 
core is made of material, e.g. silica, capable 
of being removed after casting by chemical 

30 means in a manner known per se. The core 
itself can readily be made in a two-part 
mould divided on the plane A, B, C, D in 
Fig. 6. 

In Figs. 7, 8 there is shown a blade similar 
35 to the blade 20 but wherein there are two 
passages 23 each arranged in a layer near 
and parallel to the exterior surface of the 
blade so that the blade may be said to com- 
prise a spine 31 and an outer sheath 32 of 
40' substantially uniform thickness, the islands 
/ 12 connecting the spine 31 and the sheath. 
In this way the cooling effect is brought 
close to the surface of the blade. The spine 
j 31 may itself be hollow. To provide access 
45 v for cooling air from the root portion 21 



of the blade to the passages 23 openings 24 
at the respective sides of the root portion 
are connected to the respective passages 23. 
A disc on which the blade is mounted in a 
manner known per se is denoted 25. 50 

WHAT WE CLAIM IS: — 

1. A heat exchanger comprising two 
opposite walls connected by islands having 
tapered end portions and being arranged to 

be so interdigitated that the tapered end 55 
portions of any one island extends relative 
to the tapered end portions of adjacent 
islands to define between the islands sequen- 
tially converging and diverging flow passages 
of substantially uniform cross-sectional area. 60 

2. A heat exchanger according to claim 
1 wherein the islands are of diamond or 
similar lozenge cross-section. 

3. A heat exchanger according to claim 

1 wherein the islands are shaped to have 65 
convex sides at the central or body part 
thereof and wherein the tapered end por- 
tions of the islands have concave sides 
which are parallel to the confronting convex 
parts of any adjacent island. 70 

4. A heat exchanger according to any 
one of the preceding claims being in the 
form of a turbine blade including said flow 
passages adjacent the aerofoil surfaces 
thereof, and the flow passages being con- 75 
nected to cooling air inlets in the root por- 
tion of the blades. 

5. A heat exchanger substantially as des- 
cribed herein with reference to Figs. 1 and 

2, or any one of Figs. 3 or 4 of the acconv 80 
panying drawings. 

6. A heat exchnnj^r in the form of a 
turbine blade substantially as described 
herin with reference to Figs. 5 and 6 or 
Figs. 7 and 8 of the accompanying draw- 85 
ings. 

For the Applicant: 
G. S. COURTNEY, 
Chartered Patent Agent. 
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